Objective: To examine the incidence of screening, diagnosis, and treatment of hypogonadism among men treated with opioids in the United States. Patients and Methods: Using one of the nation's largest commercial insurance databases, we identified 53,888 men aged 20 years or older who had 90 or more days of opioid prescriptions in a single 12-month period between January 1, 2010, and December 31, 2017, with no history of hypogonadism or testosterone therapy in the preceding 12 months. We matched this cohort to 53,888 men with 14 or fewer days of opioid prescriptions based on age, opioid initiation date, opioid indication, and comparable exclusion criteria. We assessed whether men, 14 or fewer days after initiation of opioid treatment, received a serum testosterone test, a diagnosis of hypogonadism, or a prescription for testosterone therapy. All men were followed up until they lost coverage from the commercial insurance plan, experienced one of the study outcomes, or the end of study (December 31, 2017 . Each of these findings persisted across multiple sensitivity analyses. Conclusion: Prolonged opioid exposure was associated with increased rates of screening, diagnosis, and treatment for opioid-induced hypogonadism, but these rates were much lower than expected based on previous serum-based studies.
O ver the past 2 decades, the use of prescription opioids in the United States has increased dramatically. 1, 2 Accompanying this upsurge, opioid-related addiction, mortality, and a number of adverse outcomes have reached an epidemic level. [1] [2] [3] [4] Hypogonadismda condition in which the body produces inadequate testosterone and is associated with low libido, muscle wasting, increased adiposity, infertility, and osteoporosis [5] [6] [7] dhas been linked with opioid use in a number of small serum-based studies, with prevalence estimates ranging from 35% to 90%. [8] [9] [10] [11] [12] [13] The primary mechanism underlying opioid-induced hypogonadism is the inhibitory action of opioids on the release of gonadotropin-releasing hormone from the hypothalamus, which reduces the secretion of luteinizing hormone and folliclestimulating hormone from the pituitary gland, leading to inadequate production of testosterone from the testis. [14] [15] [16] In addition, opioids may have a direct effect on the pituitary gland and the testis. 15, 17 Opioid-induced hypogonadism can have a profound impact on the patient's health and quality of life and can hinder the clinician's ability to effectively treat chronic pain and manage complex comorbidities, 18 but it often goes unrecognized and untreated.
14 Pain practitioners should be aware of this increasingly common condition and monitor patients accordingly. To date, the incidence of opioidinduced hypogonadismdand its related screening and treatmentdhas not been examined in a large, nationally representative study. Given the scale of the opioid epidemic, understanding the extent to which opioid-induced hypogonadism is screened, diagnosed, and treated among men in the United States has broad clinical and public health importance. We therefore examined this issue using one of the nation's largest commercial insurance databases.
PATIENTS AND METHODS

Study Design
We conducted a retrospective cohort study using administrative health data from the Clinformatics Data Mart (CDM) database (Optum, Inc), a database of one of the nation's largest commercial health insurance programs. The CDM data have been used in numerous epidemiological and health services studies. [19] [20] [21] Persons enrolled in this insurance program may be included in either a fee-forservice plan or a managed care plan, which includes health maintenance organizations, preferred provider organizations, and exclusive provider organizations. For each of these plans, providers are required to submit complete claims to receive reimbursement. We used a combination of outpatient, inpatient, and pharmacy claims data. This retrospective study was approved by the Institutional Review Board of the University of Texas Medical Branch at Galveston.
Study Population
We identified 53,888 males aged 20 years or older who had 90 or more days of opioid use within a 12-month period any time between January 1, 2010, and December 31, 2017. The cut point of 90 or more days of opioid use was chosen because it represents a widely recognized clinical threshold for prolonged opioid use, is strongly predictive of a number of adverse outcomes including opioid-related overdose, and has been used in other administrative claimsebased studies. [22] [23] [24] We excluded men who had a prescription for testosterone or who had any of 25 We also identified the number of days between the initiation of opioid use and the most recent indication diagnosis (same day, days 1-7, 8-30, 31-60, 61-90, 91-180, or 181-365). Overall, 16,061 of the 53,888 patients (27.8%) had more than one indication on the most recent diagnosis date; these patients were classified according to all diagnoses that occurred on that date.
For the control group, we identified a cohort of 53,888 men with short-term ( 14 days) opioid use who were matched to the prolonged use cohort based on 5-year age group, opioid indication(s), number of days from indication to opioid initiation, and the aforementioned exclusion criteria. This match resulted in 53,881 (99.9%) of the prolonged use group having a control match. The remaining 7 (0.01%) were matched on the same criteria except the 5-year age group was expanded to include a 10-year age group. For the control group, we selected a shortterm opioid-exposed group rather than an unexposed group because this method allowed us to match the indication for opioid use and reduced selection bias associated with a number of clinical characteristics.
Outcomes
We assessed whether both groups of mendbeginning at 14 days after initiation of opioid treatmentdreceived any of the following: a serum testosterone screening test Table, available online at http://mcpiqojournal.org). Age at opioid initiation date was obtained from the CDM database. We examined and adjusted for all conditions included in the Elixhauser Comorbidity Index. 26 Each condition was examined as a separate covariate. In addition, we adjusted for diagnosis of adrenal insufficiency (ICD-9-CM, 255.4, 255.5, 255.8, 255.9; ICD-10-CM, E27.1, E27.3, E27.4) and use of glucocorticoid pharmacotherapy (therapeutic classification codes 6804010010, 6804010015, 6804010019, 6804010020, 6804010030, 6804010050, 6804010060, 6804010070, 6804010075, 6804010085) given their positive association with hypogonadism. To address the potential confounding effect of increased health care utilizationdwhich has been linked with an increased likelihood of disease diagnosis in generaldwe adjusted for the total number of outpatient visits and the total number of hospitalizations in the 12 months prior to the opioid initiation date as covariates in our multivariable model. We also adjusted for the geographic region (Midwest, Northeast, South, West) of each participant.
Statistical Analyses
Unadjusted event-free survival was estimated using the Kaplan-Meier method. 27 Multivariable survival analyses were performed using Cox proportional hazards regression, with the dependent variable being time to first occurrence of serum testosterone screening, hypogonadism, or testosterone therapy. Adjusted failure rates were estimated using the Cox model. 27, 28 We tested the assumption of proportionality in the Cox model by determining that, for the primary exposure variable, the logarithm of the baseline cumulative hazard rates and the Schoenfield residuals were proportional with follow-up time. 27, 28 Patients were censored at the date they left the commercial insurance plan or at the end of the study. To assess the robustness of these findings, we conducted several sensitivity analyses including fully adjusted models using 1-and 2-year latency periods and an analysis restricted to men who initiated opioid use in 2014-2016 (thereby ensuring more uniform follow-up periods across the 2 comparison groups). We also conducted an analysis using cataracts (ICD-9-CM, 366.x; ICD-10-CM, H25.x) as a control outcome to assess possible selection bias. All analyses were performed using SAS statistical software, version 9.4 (SAS Institute). All statistical tests were 2-sided, and P<.05 was considered significant.
RESULTS
Comparison of the baseline characteristics in short-term vs prolonged opioid users (Table 1) shows that the 2 groups had similar distributions of the matching variables of age, and opioid indication. Prolonged opioid users, however, had a higher prevalence of prior outpatient visits, prior hospitalizations, 3 or more comorbidities, and several specific comorbidities, particularly congestive heart failure, chronic obstructive pulmonary disease, diabetes, hypertension, peripheral vascular disease, and renal failure. The Figure presents the Kaplan-Meier curves showing event-free survival for short-term vs prolonged opioid users over 7 years of follow-up with each of the 3 outcomes at 1, 3, and 5 years of follow-up as follows. The incidence of serum testosterone screening (Table 2) was 3.73% (95% CI, 3.57%-3.91%), 8.94% (95% CI, 8.64%-9.27%), and 11.55% (95% CI, 11.11%-12.01%) among short-term users and 5.76% (95% CI, 5.56%-5.97%), 13.60% (95% CI, 13.25%-13.96%), and 17.15% (95% CI, 16.70%-17.61%) among long-term users. The incidence of hypogonadism was 1.42% (95% CI, 1.32%-1.53%), 3.59% (95% CI, 3.39%-3.80%), and 4.85% (95% CI, 4.55%-5.16%) among short-term users and 2.62% (95% CI, 2.49%-2.77%), 7.18% (95% CI, 6.92%-7.46%), and 9.44% (95% CI, 9.09%-9.80%) among prolonged users. The incidence of filling a testosterone prescription was 0.61% (95% CI, 0.54%-0.68%), 1.65% (95% CI, 1.52%-1.80%), and 2.21% (95% CI, 2.04%-2.43%) among short-term users and 1.50% (95% CI, 1.40%-1.62%), 4.55% (95% CI, 4.34%-4.77%), and 5.76% (95% CI, 5.49%-6.05%) among prolonged users. Table 3 presents the results of the Cox regression model. In these multivariable 
DISCUSSION
In this study of 107,776 commercially insured men, we found that prolonged opioid exposure was associated with increased rates of screening, diagnosis, and treatment of opioid-induced hypogonadism but that these rates were much lower than expected based on prior serumbased studies. [8] [9] [10] [11] [12] [13] To our knowledge, this is the first large-scale, nationally representative, population-based study to examine this issue. Our findings persisted across multiple sensitivity analyses, including analyses with latency periods of 1 and 2 years and alternative follow-up periods. In addition, prolonged opioid exposure was associated with a decreased risk of the control outcome, cataracts.
Opioid-induced hypogonadism is characterized by opioid-associated reductions in gonadotropin-releasing hormone by the hypothalamus resulting in decreased secretion of luteinizing hormone and follicle-stimulating hormone by the pituitary gland, which leads to an inadequate production of testosterone by the testis. [14] [15] [16] Hypogonadism is associated with a number of adverse effects including sexual dysfunction, muscle wasting, adiposity, metabolic syndrome, infertility, and osteoporosis. [5] [6] [7] Given the dramatic increase in opioid use over the past 20 years, 14 it is likely that opioid-induced hypogonadism has become increasingly common. Our finding that only 3125 men (9.44%) with prolonged opioid use were diagnosed with hypogonadism over a 5-year period is substantially lower than estimates reported in previous serum-based studies, which range from 35% to 90%. [8] [9] [10] [11] [12] [13] This large disparity may be attributable, in part, to our assessment of incident rather than prevalent hypogonadism and our reliance on administrative claims data, which often underestimate chronic health conditions.
In their study of 20 male cancer survivors who received long-term opioid treatment vs 20 nonopioid matched controls, Rajagopal et al 13 reported that 90% of the long-term opioid users exhibited hypogonadismddefined as a serum total testosterone level of less than 345 ng/dLdcompared with 40% of opioid nonusers. The extent to which hypogonadism was attributable to underlying cancer diagnosis or chemotherapy in either group, however, is not clear. Second, in their study of 12 men treated with oral opioids for at least 1 year, Fraser et al 11 reported that 75% were diagnosed as having hypogonadism, defined as a total testosterone level below 9.1 nmol/L for men aged 20 to 49 years and 6.3 nmol/L for men 50 years or older. Third, in their retrospective study of 1585 men enrolled in a large regional health system, Rubenstein and Carpenter 8 reported that 57% of men receiving long-acting opioids were diagnosed as having hypogonadism, defined as a serum total testosterone level of less than 345 ng/ dL. Because this study was restricted to men who were referred by a clinician to undergo a serum testosterone testdpresumably selected on the basis of observed or reported hypogonadal symptomsdthe reported incidence of hypogonadism is likely to be increased as a result of selection bias. Despite the methodological issues addressed previously, the magnitude of the difference in opioid-associated hypogonadism incidence between our study and the prior, more restrictive, serum-based investigations suggests that this condition has been substantially underdiagnosed in the United States. Screening for hypogonadism was surprisingly low among prolonged opioid users in our studyd2920 (5.76%; 95% CI, 5.56%-5.97%) at 1 year and 5991 (17.15%; 95% CI, 16.70%-17.61%) at 5 yearsdgiven prior studies' estimates of opioid-induced hypogonadism, ranging as high as 90%. [8] [9] [10] [11] [12] [13] Our estimates of Current Procedural Terminology codeebased testosterone screening should be reasonably accurate given that clinics must submit these claims to the insurance company to receive payment. This finding suggests a widespread underscreening of opioid-induced hypogonadism during critical years of the opioid epidemic in the United States. It is not clear what factors drove this exceedingly low rate of serum testosterone screening. It may reflect a lack of awareness by some clinicians of the association between long-term opioid use and hypogonadism. Additionally, many cliniciansdwhen treating patients with multimorbid disease and complex drug regimensdmay be reluctant to screen for conditions that would require additional pharmacotherapy, especially in view of concerns related to comorbid psychiatric disorders and substance use disorders, both of which are strongly associated with long-term opioid use. [29] [30] [31] From a patient's perspective, it is possible that men who are struggling with chronic pain and associated conditions are less concerned than their peers about early hypogonadal symptoms, such as low libido, sexual dysfunction, increased adiposity, and decreased muscle mass. They may, therefore, be less likely to bring these symptoms to the attention of their physician or to request a hypogonadism screening test. Our finding that prolonged opioid users had a reduced incidence of cataracts (our control outcome) is consistent with this possibility.
Finally, our observation that only 5.76% (95% CI, 5.49%-6.05%) of prolonged opioid users received testosterone therapy at 5 years and only 1.50% (95% CI, 1.40%-1.62%) at 1 year suggests that this condition is undertreated in the United States. Our previous study of testosterone prescribing among all men aged 30 years or older, using the same database, found an annual incidence ranging from 0.5% (95% CI, 0.5%-0.6%) to 1.3% (95% CI, 1.2%-1.3%) per year during the same time Total outpatient visits in the year before diagnosis/index date. c Comorbid conditions were measured using the factors that comprise the Elixhauser Comorbidity Index. 21 period. 32 These rates are only slightly lower than those observed in the present study. It is possible that this finding reflects some clinicians' concerns about conflicting reports regarding adverse cardiovascular effects associated with testosterone therapy. [32] [33] [34] [35] [36] The results of our study may have been influenced by the several limitations. First, information on outcomes and risk factors are based on diagnosis codes included in charges for outpatient and hospitalization services. Such diagnoses are not always accurate or complete. 26 For example, we were unable to determine whether diagnoses of hypogonadism met the established serum and symptom criteria for this condition. Second, given the retrospective nature of this study, it is possible that undetected selection bias may have affected the findings. For example, men who were prescribed prolonged opioid therapy may have been more likely than their counterparts to have had subsequent diagnoses. However, we attempted to address this potential bias by either matching or adjusting for a broad range of demographic and clinical factors, including indication for opioid use. Third, our database lacked information on several important health behaviors such as smoking status, exercise, and diet. Fourth, prescription claims data do not capture information on drugs obtained outside the plan. Given the various stigmas and restrictions associated with both opioid and testosterone therapy, some men may have accessed these drugs outside their health care setting.
Despite these limitations, we believe that this study has important strengths including a large sample size, a long follow-up period, representation of all US geographic regions, and inclusion of a clinically diverse cohort. In view of the widespread underrecognition of opioid-induced hypogonadism observed in this study, public education on this condition will be an important step in helping men and their physicians make complex decisions about managing chronic pain, treating comorbid conditions, and understanding the shortand long-term risks, such as osteoporosis. Future research should continue to examine opioid-induced hypogonadism, with particular attention to the factors that have driven its underscreening and underdiagnosis during the opioid epidemic of the past 20 years.
CONCLUSION
Prolonged opioid usersdin comparison to short-term usersdhad an increased incidence of serum testosterone screening, hypogonadism diagnosis, and receipt of testosterone therapy, but these rates were much lower than expected based on prior serum-based studies. These findings persisted across multiple sensitivity analyses. Given the scale of the opioid epidemic in the United States, clinicians should be aware of this condition and monitor patients accordingly.
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